In the developing embryo the foregut is surrounded by a group of vascular structures of bilateral distribution connected with the branchial arches. Portions of these arches are obliterated to form the normally described aorta and great vessels. The ultimate persistence of only one main vascular arch, the left, as the aorta, permits the trachea and oesophagus to lie freely to its right side. Where, however, the vascular obliteration in the embryo stage is abnormal, the residual vessels may so closely surround the trachea and oesophagus that either or both become compressed and symptoms are produced (Fig. 1) .
The first description of this anatomical abnormality appears to have been made by Hommel in 1737. Quain in his surgical anatomy (1844) gives the following account: " Hommel, who has been the assistant of Haller, described the very remarkable preparation represented in this figure (Fig. 2) , and gave a delineation, from which this is copied, with the omission of the heart and right lung, which are shown in the original drawing. 'The aorta,' says the author, 'divided at the beginning of the arch and was again united at its end. Through the sort of island constructed by the bifurcation pass the trachea and oesophagus; a disposition,' he correctly adds, 'perhaps never previously observed.'" In 1837 von Siebold noted the compression of these structures when he reported the death of a 10-day-old infant from respiratory obstruction due to an aortic ring. In this case other abnormalities were present, an atrial septal defect, and transposition of the great vessels.
It is difficult to estimate the incidence of this condition. Maude Abbott (1936) in her 1,000 cases of congenital heart disease coming to necropsy found five cases of double aorta, of which two had symptoms and three were without. The oldest was 87. In the same series there were 14 cases of primary right aortic arch and seven cases of aberrant right subclavian artery. At the Royal Liverpool Children's Hospital. out of 1,874 cases of congenital heart disease investigated in the heart clinic, 12 cases of aortic ring have been found. Of these 10 were investigated because of symptoms and two were found as incidental observations.
There appears to be no predominant sex incidence. In the same series five cases of aberrant right subclavian artery with symptoms were recognized. Blincoe, Lowance, and Venable (1936) have given a review of earlier reports of the condition, and it is manifest from the ages of the described cases that many succumb in infancy and childhood. Wolman (1939) clearly defined the syndrome and paved the way for its diagnosis and treatment. Relief of the constriction can only be obtained by surgical means, and Gross and his colleagues (Gross, 1945 (Gross, , 1953 Gross and Ware, 1946; Gross and Neuhauser, 1951) have described their very considerable experience from the Boston Children's Hospital.
EMBRYOLOGY
In the early stage of the development of the cardiovascular system, a single stem arises from the arterial end of the heart (aortic bulb) and divides into two ventral aortae which pass forward along the ventral wall of the pharynx. Opposite each branchial arch, a lateral branch is given off from each ventral aorta and it passes backwards around the pharynx, joining with its fellows of the same side to form a dorsal longitudinal vessel, resulting in two dorsal aortae lying upon the dorsal wall of the pharynx (Fig. 3) (Congdon, 1922) . The sixth arch forms the ductus arteriosus and gives off branches to the developing lung buds, which become the pulmonary arteries. The subclavian arteries arise from the dorsal aortae before they fuse to become the common aorta. These changes are well shown in the standard diagram (Fig. 4) , which is a plan view of Fig. 3 . In the production of the normal human arch an area of the right dorsal aorta disappears, the resulting components being as demonstrated in Fig. 5 (Fig. 7b) , the ring being completed on occasion by a band from the left subclavian artery to the right aortic arch.
As a variable form of right aortic arch, obliteration of the anterior arch between the left common carotid and the left subclavian artery produces a left common carotid arising as a first branch from the aorta, which crosses over the front of the trachea to ascend its left side (Fig. 7c) . A left subclavian artery may have the ductus arteriosus attached to it. A band connecting the left common carotid and the left subclavian artery may complete the ring.
Obliteration of the portion of the right aortic arch between the right common carotid and the right subclavian arteries results in an aberrant right subclavian artery arising as the last branch from the normal left aortic arch (Fig. 7d) . The branch will cross from the left to the right side behind the oesophagus. Under exceptional circumstances the artery may cross the midline between the trachea and oesophagus, or even in front of the trachea, which would appear to be due to an abnormal development of the foregut in relation to the right aortic arch. Holzapfel (1899) , in a study of 133 examples of aberrant right subclavian artery, found that 107 passed behind the oesophagus, 20 between the oesophagus and trachea, and six in front of the trachea.
Associated with the normally developed left aortic arch, slightly abnormal origins of the great branches of the arch may so alter the course of the vessels that they come to overlie the trachea and so produce some compression of this structure. This is particularly seen with a laevoposed right innominate artery and a dextroposed common carotid artery (Fig. 8) .
Further descriptions of the development of the aortic arch and its abnormalities will be found in the publications of Congdon (1922) to accumulate below it. The longer and the more severe the compression of the trachea, the greater the lack of development of the lumen, which will remain as a permanent feature if relief is not provided early. Although the lumen of the oesophagus is compressed, it is unusual for a true stricture to develop. Even though there is some local hypoplasia the pliable walls rapidly stretch to normal size after relief of the compression.
Other congenital derangements are not infrequently found with abnormalities of the aortic arch, and these include hemivertebrae, spina bifida, abnormal rib formations in the upper thoracic region, pulmonary stenosis, and the tetrad of Fallot.
SYMPTOMS
Only a proportion of patients with an aortic ring develop constriction at an early age. Symptoms may develop in middle age due to increasing rigidity of the aorta, but not infrequently the condition is totally asymptomatic.
The principal feature is " stridor," usually from birth, which, if the obstruction is severe, is associated with dyspnoea. There may be difficulty in taking foods, with regurgitation into the trachea and associated coughing and spluttering. When studied radiologically, there is a " build up " of the oesophageal contents at the level of the constriction and the weight of the material then forces some through. The process repeats itself and an intermittent type of swallowing is characteristic of the condition with possible overflow into the air passages. This inhalation of R.C.C. L.C.C.
food will be responsible for attacks of bronchopneumonia, and with any form of respiratory infection the stridor becomes more marked and may even be associated with severe respiratory embarrassment. As the child grows older it becomes conscious of the food temporarily sticking at a high level in the thorax and requires quite marked deglutitional efforts to get it through.
Pressure on the trachea by the vascular ring is relieved somewhat by extension of the head, and the infant may persistently take up A barium swallow will show bilateral compression of the oesophagus at the level of D4 in the presence of a double arch (Fig. 9) . A predominant posterior arch will give an oblique filling defect slightly higher on the right than on the left and the sub-aortic part of the oesophagus will lie a little to the right of the supra-aortic portion (Fig. 10) . On the lateral view the size of the posterior arch or the posterior element of a double arch can be gauged by the magnitude of the defect (Fig. 11) . A small defect suggests an aberrant right subclavian artery. An anterior oesophageal defect will indicate the rarer anomaly of a vascular channel running between the oesophagus and the trachea.
A little iodized oil run into the trachea may show similar bilateral compression in the presence of a double arch, or compression of the anterior surface on the lateral view when aberrant vessels are present.
An angiocardiogram will give considerable help in identifying the vascular channels and in particular the distribution of the branches of the arch or arches (Figs. 12, 13, and 14) , but for practical purposes this is the least necessary investigation, as the anatomical state can be well examined at the time of operation and in any case bands will not be demonstrated. Nevertheless, unsuspected intracardiac defects may be shown which may be of prognostic importance and which may even be corrected at operation.
The observations obtained by direct endoscopy are, however, the most informative. Compression of the trachea by a pulsating vessel can clearly be seen, and it is important to note the changes in the cartilaginous structures in the region of the compression, in order to give a prognosis to the parents, as the degree of chondromalacia and local restricted development of the lumen may delay considerably the time when the stridor disappears after the operation.
Oesophagoscopy may demonstrate a pulsatile swelling elevating the posterior wall which is produced by a retro-oesophageal arch or branch of the arch or both. The vessel can be rolled under the tip of the oesophagoscope and the pulsations transmitted to it. Compression of the vessel against the front of the spine by the end of the oesophagoscope and simultaneous palpation of the pulse at the wrists will unequivocably diagnose an aberrant right subclavian artery by loss of the right radial pulse. If compression of a retro-oesophageal vascular structure produces no change in the two pulses then it is part of a ring of which there is a (Fig. 12) , dextroposed left common carotid artery (Fig. 13) , and aberrant right subclavian artery (Fig. 14) . The anatomical details and site of division of the ring in the 11 cases of double aortic arch is shown in Fig. 15 .
All cases survived operation. Although dysphagia, when present, appeared to be relieved immediately, the stridor frequently took some months to disappear, and even then a mild stridor might be noticeable if a tracheo-bronchial infection occurred. It is confidently expected, however, that, in the course of time, as the trachea grows this symptom will completely disappear. SUMMARY Vascular compression of the trachea and oesophagus due to development abnormalities of the aortic arch and its branches is of clinical significance. It produces symptoms in some 1 % of all cases of congenital abnormalities of the heart and great vessels.
Its embryology is discussed. Cases of persistent stridor and dysphagia in infancy may be due to this condition. It can be cured by surgical division of the obstructing vessels and may prevent the frequent fatal outcome.
